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Optical waveguides are the optical equivalent of wires in 
electronic circuits. An optical waveguide is a device along 
which or through which a beam of light is confined to travel (1-3). 
The confinement is accomplished by creating a narrow channel (a 
few micrometers in width) with an index of refraction slightly 
higher than that of anything surrounding it. Assuming a glass 
substrate and single mode of 1.06 micron light, the change in the 
index of refraction between the channel and the surrounding 
substrate required for confinement of a light beam is about 0.01. 

When two channel waveguides are placed close together, the 
"tail” of the light in the input channel will overlap the "tail” 
of light in the other channel and power will be exchanged back and 
forth between the two channels. As light originally focussed into 
channel 1 moves along the directional coupler, some of its energy 


of its components has been investigated by Najafi, et. al.(5). 
Since an optical path difference is required for its function, the 
performance of a Mach-Zehnder interferometer is not very sensitive 
to construction parameters. 

An optical path difference can be produced by creating a 
physical path difference by making one arm of the interferometer 
longer than the other arm or by causing the index of refraction to 
be different in one of the arms if they are the same length. 

In addition the wavelength cutoff caused by its component 
waveguide parts, a Mach-Zehnder interferometer will pass wave- 
lengths (constructive interference) which will fit evenly into the 
optical path difference. (The optical path difference = index * 
difference in length of the two arms.) Wavelengths which are 
halfway between any two wavelengths passed by the interferometer 
will be completely blocked due to destructive interference. 

At any fixed wavelength, the intensity may be switched on or 
off by varying the index of refraction of the material composing 
the two arms. The index of refraction may be varied by varying 
the voltage of an electric field penetrating the arms of the 
interferometer (6) , or by heating one arm of the interfero- 
meter (7) . The interference may also be observed in an 
interferometer made of nonlinear materials by changing the 
intensity of light resonating in the two arms of the interfero- 
meter if the arms are of different lengths or if the light 
intensity is not split equally between them. 

In designing an interferometer for this work, the following 
considerations must be observed: 

1. The interferometer is to be made of phthalocyanine or 
polydiacetylene thin films. 

2. In order to avoid thermal effects which are slower, 

the wavelength chosen must not be absorbed in either one 
or two photon processes. 

3. The wavelength chosen must be easily generated (laser 
line . ) 

4 . The spacing between the interferometer arms must be 
large enough to allow attachment of external electrodes. 

5. The vapor deposition apparatus can accept disks no 
larger than 0.9 inches. 

6. The design must allow multiple layer coating in order 
to determine the optimum film thickness or to change to 
another substance. 

A symmetrical Mach-Zehnder interferometer which meets each of 
these requirements is illustrated in Figure 1. 
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Figure 2 


The master patterns will be generated using standard litho- 
graphic techniques. Photoresist is coated over a layer of gold 
which has been sputtered on the surface of a substrate disk. The 
pattern of the Mach-Zehnder interferometer is exposed on the 
nhni-nresi^-Anri rfpvpl need exoosing the gold in the areas of the 






guide at the second harmonic of the YAG laser (532 nm) but not 
long enough to permit guiding at the fundamental (1064 nm) . The 
gold pattern may be removed (ion milling which would also clean 
and polish the surface) and the entire surface coated by vapor 
deposition with a phthalocyanine film. The thickness of the film 
should be adjusted to allow guiding at 1064 nm AT LOW INTENSITY. 
The entire surface should then be coated with an index-matching 
optical epoxy and a cover disk attached. 
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